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INTRODUCTION
6-Phenyl-2,4,7-pteridinotriamine (triamterene; TM) is a mild diuretic that belongs to the potassium-sparing family of diuretics and acts directly on distal tubular cells to decrease the release of potassium ions and, as a result, avoid the reabsorption of chloride ions. By itself, TM is a relatively inefficient hypertensive, so it is usually used with another, more potent diuretic (e.g., a thiazide or anthranilic acid derivative). This gives a synergistic effect in which the diuretic and hypotensive actions of the two components are mutually enhanced. 1 Using a potassium-sparing diuretic and an angiotensin II receptor blocker may increase the risk of severe hyperkalemia. This is most important for patients with diabetes, heart failure, dehydration, or renal insufficiency, or patients taking more than 25 mg d −1 of spironolactone, because these patients may have an increased risk of developing severe hyperkalemia. 2 Determining TM in biological fluids is necessary to gather enough information to diagnose hyperkalemia.
After oral administration, TM is absorbed at a rate of about 80%, and it is metabolized by hydroxylation followed immediately by conjugation, giving its main metabolite, hydroxyltriamterene sulfate (HTMS). HTMS is pharmacologically active, and therefore, contributes to the pharmacological profile of TA, so it is as important to determine HTMS as to determine TM. 3 The concentration of HTMS is typically between four and 13 times higher than the concentration of TA in urine. The metabolism of TA takes place in the liver, so patients with liver cirrhosis and ascites have impaired abilities to form and excrete HTMS, and the rate of excretion of unmetabolized TA is enhanced in such patients. It has been proposed that the HTMS/ TA ratio in plasma and urine can be used as a simple diagnostic test for hepatic function. 4 Diuretics have, in recent times, been abused by sportspeople with two main objectives, to rapidly lower the bodyweight and to decrease the concentration of medical drugs in the urine by diluting the urine (to make it difficult to detect doping substances in the urine). There are no medical reasons justifying the rapid loss of weight for participants of any sport, and, in fact, abusing drugs that are used to achieve rapid weight loss can pose serious health risks because of adverse secondary effects. Therefore, TM is included in the list of substances forbidden by the International Olympic Committee. 5, 6 Several methods have been reported for the determination of TM and its metabolites in biological fluids, including high performance liquid chromatography (HPLC), [7] [8] [9] [10] [11] [12] gas chromatography mass spectrometry (GC-MS), 13 isopotential fluorometry, 5 fluorescence spectrometry using solid supports, 3 fluorimetry or spectrophotometry in combination with multivariate calibration methods, 1, 6, 14 capillary zone electrophoresis (CZE) using fluorescence detection, 4 and square--wave voltammetry. 2 These are reliable methods for determining TM concentrations in biological fluids, but they are often time-consuming and technically demanding, and require the use of costly, highly specialized instruments such as HPLC, GC-MS, and CZE. Some of the methods involve sample pretreatment and lengthy extraction procedures before the analyte can finally be analyzed. These methods, therefore, require large amounts of organic solvents, which are harmful to humans and the environment.
Simple, effective, and environmentally friendly procedures for extracting TM and other drugs from biological fluids are still required. The unique behavior of micellar surfactant solutions at the cloud point has been attracting increasing amounts of attention for use in sample extraction and preconcentration procedures. Cloud point extraction (CPE) has been recognized as an alternative to conventional extraction systems because it offers the following advantages: compounds of different types and natures are dissolved well; solutes can be concentrated, with good recoveries being achieved; it is a relatively safe and cost-effective system; very small amounts of relatively non-flammable and non-volatile surfactants are required; the surfactant is easy to dispose of; the system is compatible with micellar or hydro-organic HPLC mobile phases; and the surfactants inhibit the adsorption of non-polar analytes to glass surfaces.
The principles, advantages, and applications of CPE have been the subjects of several review articles, [16] [17] [18] [19] and the analytical potential of CPE has been demonstrated in many studies of its use extracting and preconcentrating both organic 15, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] and inorganic compounds. [30] [31] [32] [33] [34] [35] [36] [37] [38] All of these studies have indicated that CPE has great potential for use as an effective extraction and enrichment method, but relatively few reports can be found of its use for extracting drugs from urine or plasma samples in clinical and biomedical studies. 15, [23] [24] [25] [26] Furthermore, no reports of the CPE of TM from biological fluids have been published. Therefore, in this work, a CPE method combined with spectrofluorimetric detection was developed for extracting and determining TM in human urine samples. Spectrofluorimetry was the preferred detection system because it offers high selectivity and sensitivity, and is a relatively low cost and rapid detection method. The newly developed environmentally friendly analytical method was successfully used for extracting and determining TM in human urine. The proposed method offers several advantages over alternative methods, including its lack of hazards, simplicity, rapidity, and low cost, and it is particularly attractive if more sophisticated techniques, such as HPLC, GC-MS, or CZE, are not available.
EXPERIMENTAL Apparatus
All fluorescence measurements were made using a Shimadzu RF-5301 PC spectrofluorophotometer (Shimadzu, Kyoto, Japan) equipped with a 150 W xenon lamp and a quartz micro-cell with a volume of 700 µL. The excitation and emission slits were both adjusted to 5 nm. A centrifuge (EBA 20, Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany) with 15 mL calibrated centrifuge tubes (EM Techcolor; Hirschmann Laborgeräte GmbH & Co. KG, Eberstadt, Germany) was used to accelerate the phase separation process. A thermostated water bath (636; Friedberg/Hessen, Germany) was used throughout the work. A pH meter (model M120; Halstead, Essex, England) with a glass combined electrode was used to make pH measurements.
Materials
All reagents were of analytical reagent grade unless otherwise indicated. Chemicals, including ethanol (EtOH), methanol (MeOH), sodium chloride (NaCl), trichloroacetic acid, hydrochloric acid (HCl), sodium hydroxide (NaOH), sodium acetate trihydrate, acetic acid, and diammonium hydrogen phosphate were obtained from Merck (Darmstadt, Germany). Ammonium dihydrogen phosphate was purchased from Panreac (Barcelona, Spain).
The non-ionic surfactant Triton X-114 was obtained from Sigma (St. Louis, MO, USA) and was used without further purification. A 1% (v/v) solution of Triton X-114 was prepared by dissolving 1 mL of the reagent in 5 mL of EtOH and diluting that solution to 100 mL with deionized water. A stock solution of 400 µg mL −1 of TM was prepared by dissolving an appropriate amount of the pure drug (obtained from Sobhan, Rasht, Iran) in MeOH, and this solution was stored in the dark in a refrigerator when it was not in use. Working solutions were prepared daily by diluting this stock solution with ultrapure water.
The acetic acid/acetate buffer (1 mol L −1 , pH 4.5) was prepared from sodium acetate trihydrate and acetic acid, and the phosphate buffer (1.0 mol L −1 , pH 7) was prepared from diammonium hydrogen phosphate and ammonium dihydrogen phosphate. Solutions at the desired pH values were prepared by adding dilute solutions of HCl or NaOH to these stock buffer solutions. A 20% (w/v) solution of NaCl was also prepared.
The water used in the sample preparation procedures was deionized and purified using a Milli-Q system (Advantage A 10; Millipore, France). The pipettes and vessels used for the trace analysis were soaked in dilute nitric acid overnight (or for longer) and were washed three times with distilled water before use.
Methods

Procedure for biological samples
Urine samples were obtained from a healthy male volunteer who took a single oral dose of a commercially available tablet (Irandaru) containing 50 mg TM and 25 mg hydrochlorothiazide (HCT). The urine samples were collected over specified time intervals (0-1, 1-2, 2-3, 3-4, 4-6, 6-10, 10-14, and 14-24 h) after the oral administration of the tablet, and the samples were stored at −4 °C until they were analyzed. The samples were centrifuged for 15 min at 4000 rpm (i.e., 0.8 kg dm −3 ). Afterwards, 0.5 mL of the clear supernatant was transferred to another centrifuge tube and the general procedure described below was followed. Blank urine was collected from the same volunteer directly before the tablet was administered.
Drug-free plasma samples were obtained from the Blood Transfusion Organization in Tabriz, Iran, and stored at −20 °C until they were analyzed. A frozen plasma sample was thawed at room temperature and a 3 mL aliquot was transferred into a 15 mL centrifuge tube, then 3 mL of trichloroacetic acid (1 mol L −1 ) was added to the sample to precipitate the proteins. The contents of the tube were mixed and centrifuged for 10 min at 4000 rpm, then 0.5 mL of the clear supernatant was transferred to another centrifuge tube, and the general procedure described below was followed.
General procedure for calibration
A 0.5 mL aliquot of a prepared urine or plasma sample was placed in a 15 mL graduated centrifuge tube and spiked with TM, to give a concentration in the range 5-800 µg L −1 for urine or10-800 µg L −1 for plasma. The sample was then mixed with 0.5 mL of the phosphate buffer (1.0 mol L −1 , pH 7.0), 1.25 mL of 20% (w/v) NaCl, and 0.5 mL of 1.0% (v/v) Triton X-114. The volume of the mixture was then made up to 10 mL with ultra-pure water, and the tube was placed in a thermostated bath at 40 °C for 10 min. The mixture was centrifuged for 5 min at 3800 rpm (0.76 kg dm −3 ) to completely separate the surfactant-rich (SR) phase from the dilute aqueous phase, and the supernatant aqueous phase was removed easily using a Pasteur pipette. The remaining SR phase was diluted to 700 µL with a 2:1 (v/v) mixture of EtOH and water, and the fluorescence intensity at 438 ± 3 nm was measured using an excitation wavelength of 370 ± 3 nm.
RESULTS AND DISCUSSION
A method involving CPE combined with spectrofluorimetry was developed and optimized for determining TM in biological samples. The influences of different factors on the extraction conditions (the pH of the sample solution, the Triton X-114 concentration, the addition of salt, the extraction time and temperature, and the centrifugation time and speed) were studied and optimized so that a high extraction efficiency could be achieved. Figure 1 shows the excitation and emission spectra for TM extracted from aqueous and biological samples using the optimized CPE conditions that were established. The excitation and emission maxima were found at 370 ± 3 and 438 ± 3 nm, respectively.
Effect of pH
The pH was clearly the main parameter that affected the CPE because it affects the state of the analyte and its extraction efficiency. The effect of the sample pH on the extraction of TM was tested at pH values between 2 and 12. The solution was adjusted to pH 2 and pH 12 using dilute HCl and NaOH, respectively. The solution was adjusted to between pH 4 and 6 using acetate buffer and to between pH 7 and 10 using phosphate buffer. As is shown in Figure 2 , the TM signal intensity increased as the pH was increased from 2.0 to 7.0, and then remained approximately constant at the maximum intensity at pH values of 7.0-8.0. The molecule must be in its neutral form for it to be adequately extracted by nonionic micelles in a CPE system. It seems that this was achieved for TM at pH values of 7.0-8.0, so the solutions in later tests were adjusted to pH 7.0 by adding 1.0 mol L −1 phosphate buffer. The analytical signal decreased at pH values higher than 8.0, although the mechanism that caused this is not clear.
Effect of the Triton X-114 concentration
The influence of the Triton X-114 concentration on the TM signal was examined by adding different volumes, between 0.25 and 1.5 mL, of 1% (v/v) Triton X-114. It can be seen from Figure 3 that the highest (and consistent) fluorescence intensities were found when 0.5-0.75 mL of Triton X-114 was used. Therefore, 0.5 mL of Triton X-114 (corresponding to a final concentration of 0.05%) was selected as the optimum for use in later tests.
Effect of adding salt
The effect of adding salt on the analysis was determined by adding different amounts, from 0% to 10% (w/v), of NaCl while keeping the other experimental conditions constant. Increasing the ionic strength caused the TM signal to increase in size when the NaCl concentration was between 0% and 2.5%, and the signal gradually decreased in size as the salt concentration was increased further (see Figure 4) . Therefore, a NaCl concentration of 2.5% (w/v) was selected as the optimum for the CPE procedure.
Effects of other experimental factors
It is necessary to use the optimal incubation time and equilibration temperature to allow the phases to be separated easily and to ensure the complete extraction of the analyte is achieved. Extractions were carried out at different temperatures (ranging from 25 to 60 °C) in a thermostated water bath, for periods ranging from 10 to 30 min. The strongest (and consistent) TM signals were obtained at 35-40 °C (see Figure 5 ) after 10 min. Using higher temperatures led to a slight decrease in the size of the analytical signal, which was probably caused by the instability of the target analyte at such temperatures. A centrifuge time of 5 min at a speed of 3800 rpm was found to be optimal to separate the phases.
Finally, the effect of the diluting agent used was studied by adding different solvents at different ratios to the SR phase. The results (shown in Figure 6 ) showed that using a 1:2 (v/v) mixture of water Figure 1 and EtOH gave the highest (and consistent) analytical signals, so this solvent mixture was used in the rest of the work presented here.
. Excitation and emission spectra for triamterene (TM) after cloud point extraction (CPE) of (a) a reagent blank, (b) a urine blank, (c) a plasma blank, (d) a plasma
Calibration and validation
The linearity of the method was evaluated using 0.5 mL aliquots of urine and plasma samples spiked with different concentrations of TM, as specified in Table 1 . The equations for the plots of fluorescence intensity (FI) against the TM concentration (C, in micrograms per liter) were FI = 0.5721 C − 12.62 (n = 6) and FI = 0.4894 C − 9.258 (n = 6) for the urine and plasma, respectively, and the linear regression coefficients (r) were 0.9986 and 0.9993, respectively. The limit of detection (LOD) and the limit of quantification (LOQ) were 3.90 and 11.7 µg L −1 , respectively, for urine and 5.80 and 18.0 µg L −1 , respectively, for plasma. The LOD and LOQ were defined as 3S b /m and 10S b /m, respectively, where S b is the standard deviation of the blank measurements and m is the slope of the calibration line. The parameters for the proposed method are summarized in Table 1 .
The precision of the method was determined by analyzing three samples on the same day (intra-day precision) and on different days (inter-day precision), and expressed as the relative standard deviation (RSD). The intra-day precision was lower than 5.60% and the inter--day precision was lower than 8.20%. The accuracy, expressed as the relative error (%), was always lower than 7.0% (13.4% at the LOQ). These results (summarized in Table 2 ), indicate that the method met the requirements of a bioassay and was suitable for our purposes. 4, 39, 40 The performance of the proposed method was compared with the performances of other methods to highlight the advantages of the proposed method. The distinct features of the methods that were assessed are summarized in Table 1 . Compared with methods in which CE or HPLC are used to determine the target analyte, 4, 8, 10, 41 the proposed method does not require high levels of financial investment or involve high instrument maintenance costs. It is also evident that the precision and recoveries achieved using the proposed method are comparable to those achieved using other methods. The other significant feature of the proposed method is that it has a relatively large dynamic linear range compared to the ranges of other methods. 
Recovery experiments and interference study
The TM recoveries achieved using the proposed method were determined at three concentrations. Drug-free urine and plasma samples were obtained for this purpose from the healthy volunteer and from the Blood Transfusion Organization in Tabriz, Iran, respectively. The samples were treated as described in the "Procedure for biological samples" section. Aliquots (0.5 mL) of clear supernatant solutions of each test sample were transferred to clean centrifuge tubes and spiked with TM at the three test concentrations and then analyzed following the optimized procedure. The recoveries ranged from 94.7 to 114%, as shown in Table 3 , and were satisfactory.
Typical spectra for a TM standard solution, blank urine and plasma samples, a urine sample from a volunteer, and the urine sample spiked with TM are shown in Figure 1 . No additional peaks caused by interfering compounds were observed at the emission wavelength that was used. Therefore, the similarities in the excitation and emission spectra found in each of the sample types and the reasonable recoveries that were found indicated that there were no significant matrix effects on the proposed method.
Potential interferences by species that commonly accompany TM in pharmaceuticals were also studied. The proposed method showed a high degree of tolerance for other species that are frequently found with TM. The specificity of the assay was also investigated by analyzing samples containing TM in the absence and presence of HCT at concentrations found in pharmaceutical preparations, to ensure that co-administered HCT did not interfere with the assay. No significant differences were observed in the analytical signals for TM between when HCT was present and when it was absent.
Application to real samples
The proposed method was successfully used to determine TM in human urine. The urine for this purpose was collected at specified time intervals after TM had been ingested, and the volume of urine produced was measured directly after each collection time. The TM concentrations in the urine samples collected after TM had been ingested are summarized in Table 4 . The presence of the main metabolite of TM (i.e., HTMS) should be taken into account when TM is determined in biological samples. This is important not only because of the intrinsic pharmacological activity of HTMS, but also because TA and HTMS signals strongly overlap in certain methods, such as fluorimetric methods. 3, 4 However, the HTMS metabolite cannot interfere with the TM determination using the proposed method, and this may be attributed to the dissociation constant of the sulfuric group in HTMS, which was predicted to be 2.04 using MarvinSketch software (ver. 6, 2013) . This metabolite will, therefore, mainly be in the ionized form at the pH values used in the proposed method, and the HTMS will not be extracted in the CPE procedure. The concentrations presented in Table 4 are, therefore, for the parent TM only.
The cumulative amount of TM excreted in the volunteer's urine is presented in Figure 7 . About 5.72% (2.86 mg) of the TM dose was excreted as the unmetabolized drug in the urine within 24 h, and this agrees with the results of other studies. 
CONCLUSIONS
A method involving CPE and spectrofluorimetric detection was developed for the extraction and determination of TM in human urine samples, and it was found to be a promising approach for monitoring drugs for pharmaceutical and clinical purposes. The method was validated using spiked real samples, and the method was demonstrated to allow trace quantities of TM to be detected with adequate degrees of accuracy and precision. The method was found to be sensitive enough for TM to be determined in a variety of biological samples, so it could be used for screening purposes in doping control procedures. The proposed method offers several advantages over alternative methods, including being safe, simple, and rapid, and involving relatively low costs, and it is especially useful if more sophisticated techniques, such as HPLC, GC-MS, or CZE, are not available.
